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1. CCP4 as a sulte
2. Overview of CCP4 functionality
3. Future directions



Philosophy

~200 independent programs from a wide pool of developers
There may be several ways of doing a similar task
e.g. / : / /
Common routines placed in software libraries
Infrastructure to guide user in applying programs

sts to produce and support a world-leading, integrated suite of programs that allows researchers to determine macromolecular structures by X-ray

e that supports the widest
pi g : \ ] ] cation and training of
scientists in experimental structural biolagy. 1t encourages the wide dissemination of new ideas, techniques and practice.
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Liz Potterton

Going graphical

» ccp4i released 2000
[No & View Files from Job
Find or Match Laue Group e

| o « Program scripts
prepared by task
Interfaces
 Convenient access
; to program output
i s » Management of user

MTZ out msc

Loggraph 2_truncate. log

from C:fxtalfr _project/CCP4_DATABASESS refmach.def

— lusing no prior phase information

= — | & data into projects

Data Harvesting Tables in File

e — S Big step forward at the
S A time |

No NCS restraints are currently defined

Monitoring and Output Options
Scaling

Geometric parameters

Run Save or Restore



Automated structure solution

* Increasing sophistication of crystallographic programs
 Development of software pipelines

= some intelligence, but also parameter scanning
« Faster computers to support pipelines

Crank
XIA2
MrBUMP
Balbes

Potential to do most of the work for you. But ...
Always those difficult cases
You still need to get to know your structure!
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...or interactive structure solution

L\ ‘ y
Indexing / integration Model building
Laue group determination with Refinement with Refmac / Shelxl
Pointless ("QuickSymm")  Validation with Molprobity tools
Scaling with Scala (reduce/probe)

("QuickScale")



« Many ways to access the ~200 programs

* Programs hidden by graphical interfaces or
become components of pipelines

« CCP4 programs used by many 3rd party pipelines

Now look at available programs in more detail ...
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Data MX structure solution

. _”ﬁ
Processing .

Experimental sy
phasing 1

A, Molecular

Replacement
3 Phase improvement /

Miim— \10dlel (re)building

CCP4 Program Suite 6.1.3 CCP4Interface 2.

Choose module : M O d e I CO m p I Eti O n / —Mﬁ
a— refinement i

—’"Qx

Experin al Phasing

Molecular Replacement ; - -
Density Improvement 49 Val I d at I 0 n
Maodel Building 48 -
Refinement 47

Structure Analysis

Validation & Deposition

Map & Mask Utilities
Reflection Data WUtilities
Coordinate WHilities

Graphics and Viewing Utilities

Program List
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Data processing (1)

{ssases

Images — unmerged MTZ file =
* Inspect images £
* Identify spots and index -
J |ntegrate Andrew Leslie

Mosfim 7
A%

\ "

Automation Harry Powell

ss_fine_046.pck [l ® &
Esx00@q+rrwve00 00|

Multiple datasets — ﬁ;

merged MTZ file ‘
“semi-automatic” (describe
experiment and go) Winter
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Data processing (2)

|dentifying Laue group of data

Scaling and merging reflections

/ can be called from
Deriving structure factor amplitudes i1, *
> | a,‘ = Norman
Y ¥ _
s ' ‘ Stein
1(+) /1(-) — F(+) / F(-) T

required for map coefficients, but intensities preferred for
phasing/refinement

How good is your data ??
check for twinning, incorrect spacegroup assignment,
anisotropy, translational NCS etc.



Experimental phasing (1)

, .
CRANK. ®=

W Raj Pannu I | =
‘ d Svewrr
o v &=

Substructure Density Model
Phasing Modification Building

Substructure
detection

Heavy
Atoms
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Experimental phasing (2)

Other CCP4 phasing programs:

Old but fast, still used e.g. in auto-Rickshaw a
Ab initio structure determination using small starting structure \- J -
(even randomly placed atom) Qi Dodson

Requires atomic resolution, or artificially extended data

Dual-space direct methods for SAD/SIR

1 2
SAD phasing s
Log-likelihood-gradient (LLG) maps to find additional anomalous
sites Randy Read

Alternate cycles of LLG completion and substructure refinement
Input anomalous atom sites and/or partial structure
= combine experimental phasing with MR



Molecular Replacement (1)

mtz

00
000
00

data
s DoAPeO
SHLVKCAEKEKTFCVNGG
ECFMVKDLSNPSRYLCKC
o homologous structures
target sequence automation positioned in cell

pipelines

s

|

N/ = E

Ronan Keegan Fei Long
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Molecular Replacement (2)

Automation pipelines link existing programs.

Data analysis:
No. copies in cell, rotational/translational NCS

Model generation: P !
Find and edit homologous structures oy -
Alexei Vagin
MR programs:
- also multi-copy searches, map and NMR search models,
phased RF and TF ...
- also combined with SAD phasing




DM Pirate Parrot N
Solomon
Dmmulti

Buccaneer
Rapper

Sloop
Coot
Sequins




Model completion / reflnement (1)

'"1
Refinement with Refmac:
Optimise model parameters e.g. {x,y,z}
You choose form of model (atomic vs group parameters,
scaling function, etc.)
Refmac included in
Latest developments:
 Twin refinement - automatic detection of significant
twin operators and refinement of twin fractions
 Refinement against SAD data - anomalous scatterers
iIncluded in XYZIN
« Automatic weighting Xray vs geometry
 External restraints, used in latest ARP/WARP

Garlb Murshudov

; ; , etc.
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Model completioﬁ [ refinement (2)

Inspection of models and maps
Model building

Validation

Real space refinement
Refinement with Refmac &
NCS tools =
Sequence assignment
Inclusion of Molprobity tools
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Validation

Model: ,,,,,,,,,,,
appropriate level of detail? w @
data/parameter ratio
restraints
geometry

Fit to data:

R / Rfree -
Choice of free reflections (NCS?) e
Electron density support for ligands



Deposition / publication

New QT version

Publication quality images

Wide variety of representations

Surfaces and electron density supported

Easy to produce movies

Transfer of structures/views to and from Coot
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Liz Potterton
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Stuart McNicholas



Data organisation?

A good ideal! i' ;

* More datasets, collected faster 1" 5 g,

 Can you remember what x2_t7_refmac1.mtz from =

Dec 08 is? Chris Morris

« Automation schemes produce files from many trials

» External requirements, e.g. BBSRC Data Sharing X =
olicy, journal requirements I'& ~

POlICY, | g FLae

Rob Esnouf

Tools available:
PiMS & xtalPiMS
synchrotron databases, e.g. ISPyB
ccp4i projects

lab databases
public databases e.g. TARDIS for images




Getting help

i SN [EONE=E
Fle Edit View History Bookmark

(0P

| Home | About ccP4 CCP4 Projects CCP4 people

check here
for current
known issues

Pand integrate
. and for profit
, techniques and

of protein stri

practice,

Resources

on all of CCP4's software and lots

Download CCP4 Software Suite
i T graphers see the CCP4

CCP4 Software Suite
The current ver is CCP46.1.2 (13 Al 109).

« refmacs.5 twinning refinement
« buccaneer low resolution building
« imosflm data processing

r details of new features and u;-dates
urrent release

CCP4 Bulletin Boards the latest patg

giling List Archiy

CCP4 Newsletter
rrent Contribute! ) ] ] ‘
CCP4 Working Groups & STAB 0 for . " 6.8 I 010
istrati

ccp4bb

Meeting minutes

Study Weekend and Courses
Stu ekend S ¢

Commercial Use of CCP4
Information on Commercial L

PX Vacancy Postings

WiKI

You Are
Here!

courses

(CCP4 organised,
CCP4 funded,
CCP4 attended)
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Future plans (1)

New programs:

Distribution of CCP4:
« Monolithic suite & individual program updates
* Incremental updates e.g. via rsync
* Web services:
CPU-iIntensive applications, e.g. MrBUMP
Useful utilities
Updated programs



Future plans (2)

New GUI:
 Development just started ...
e Greater support for automation
* Better presentation of results
Data management:
* Possible support for local back-
end databases
* Possible support for remote
databases / services - "web-based
computing"

Log file reformatted by
and displayed in web browser
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New core team

Eugene Krissinel George Pelios  Natalie Zhao ~ " Located in the
Research
Complex at
, — Harwell
Aided by the old hands ... =

Charles Ballard Ronan Keegan



Using Structures in other
techniques

Small-angle X-ray scattering (SAXS)

Cryo-electron microscopy

Molecular
Dynamics
Simulations

Ranson et al. (2001) Cell 107, 869-879

Kaestner et al., J. Struct. Biol., 167 117-128 (2009)


http://en.wikipedia.org/wiki/Small-angle_X-ray_scattering
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6VSR-4PDT9CV-9&_image=B6VSR-4PDT9CV-9-K&_ba=&_user=910841&_rdoc=1&_fmt=full&_orig=search&_cdi=6269&view=c&_isHiQual=Y&_acct=C000047841&_version=1&_urlVersion=0&_userid=910841&md5=e88459008f906abe1a65b4d1e53ecedf

Structural Systems Biology?

Structures in a cellular
context - combining
structural genomics and
systems biology.

System of 478 proteins:
120 expt.
336 automatic modelling
3 manual modelling
19 TM proteins

503 metabolites
645 reactions

Three-Dimensional Structural View
of the Central Metabolic Network of
Thermotoga maritima

Ying Zhang,™ Ines Thiele,®*t Dana Weekes,® Zhanwen Li,* Lukasz Jaroszewski,’
Krzysztof Ginalski," Ashley M. Deacon,”® John Wooley,® Scott A. Lesley,” lan A. Wilson,®
Bemhard Palsson,® Andrei Osterman,” Adam Godzik™*°4

Metabolic pathways have traditionally been described in terms of biochemical reactions

and metabolites. With the use of structural genomics and systems biology, we generated a
three-dimensional reconstruction of the central metabolic network of the bacterium Thermotoga
maritima. The network encompassed 478 proteins, of which 120 were determined by experiment
and 358 were modeled. Structural analysis revealed that proteins forming the network are
dominated by a small number {only 182) of basic shapes ifolds) performing diverse but mostly
related functions. Most of these folds are already present in the essential core (~30%) of the
network, and its expansion by nonessential proteins is achieved with relatively few additional folds.
Thus, integration of structural data with networks analysis generates insight into the function,
mechanism, and evolution of biological netwarks.

Science, 325, 1544 (2009)

— non-random distribution of folds
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